This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGBLETEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

. BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents wUl not correct images, 
please do not report tlie images to the 
Image Problem Mailbox. 



® 




Europ^isches Patentamt 
European Patent Office 
Office europden des brevets 



© Publication number: 



0 483 966 A2 



® 



EUROPEAN PATENT APPLICATION 



® Application number: 91308614.6 
@ Date of filing: 20.09.91 



® lnt.C|S:G01N 21/90 



(g) Priority: 31.10.90 JP 291776/90 


® Applicant: Toyo Glass Company Limited 




No. 3-1 Uchlsaiwai-cho 1-chome Chlyoda-ku 


@ Date of publication of application: 


Tolcyo(JP) 


06.05.92 Bulletin 92/19 




® Designated Contracting States: 


® Inventor: Gomibuchi, TadashI 


17-4, Iwamoto-cho 2-chome 


DE FR GB 


Chiyoda-ku, Tokyo(JP) 




® Representative: Diamond, Bryan Ciive et al 




Gee & Co., Chancery House, Ciiancery l^ne 




London WC2A 1QU(GB) 



0 Method of and apparatus for Inspecting a transparent or translucent article such as a bottle. 



CM 
< 

o> 

CO 
00 



Q. 

UJ 



® For inspecting a transparent or translucent article 
especially a bottle to determine tlie presence or 
absence of a defect, particularly of a check, light is 
irradiated upon an inspection area of a bottle (1) 
being rotated or moved by drive means (5) and 
reflected light Is photographed through an inspection 
table (3) by means of a two-dimensional camera (9) 
which includes solid-state image pickup elements. 
Picture element data for a first frame are fetched at 
a first point of time from the camera (9) and stored 
into a memory, and then picture element data for a 
second frame are fetched at a second point of time 
after a fixed interval of time after the first point of 
time. Then, differences of the picture element data 
for the second frame from the picture element data 
for the first frame from the memory are taken and 
binary digitized with reference to a predetermined 
brightness threshold level, the number of those of 
the differences which have one of two binary values 
is counted, and this number is compared with a 
predetermined number to accurately determine the 
presence or absence of a defect. 

The apparatus includes a light projector (6), a 
CCD camera (9), a camera controller and processing 
unit (14) and electronic means (see Fig. 1) for pro- 
cessing the camera data so as to make the counts 
and comparisons. 



Rank Xerox (UK) Business Services 

(-/2. IB/2. 11 



1 



EP 0 483 966 A2 



2 



This invention relates to a method of and an 
apparatus for inspecting a bottie or the like using 
an optical device, to determine the presence or 
absence of a defect by electronic processing. 

Various methods are known of optically in- 
specting a bottle or the like to determine the pres- 
ence or absence of a defect such as. for example, 
a split called a check or a foreign article such as a 
stone or the like which may appear at or mixed in a 
bottom or body portion of the bottle. An example of 
such methods was discfosed in 1983 in, JP-B2-58- 
58020. According to this method, light is irradiated 
in an Inverted conical ring shape upon a circum- 
ferential side wall of a bottle for Inspection from 
above from a light projecting section such that it 
may be Introduced toward a bottom face of the 
bottie so as to reach a comer material portion of 
the bottom through the material of the side wall of 
the bottle, and reflected light which is reflected, 
where there is a split in the corner material portion, 
from such split is Introduced into a single pho* 
toelectric transducer element to detect such split. 

With this method, however, the optical system 
is complicated in construction, and besides, since 
reflected light is detected only by means of the 
single photoelectric transducer element, if the an- 
gle of light reflected from a check Is only a little 
different from a specified angular range, such re- 
flected light wlH not be Introduced Into the pho- 
toelectric transducer element, and consequently, 
the presence or absence of a defect cannot be 
detected accurately. Further, various design pat- 
terns are commonly formed on the bottom faces of 
bottles, and the amount of reflected light varies to a 
great extent depending upon such design pattern. 
Accordingly, it is Impossible to detect a check of a 
bottle only from a variation in amount of light when 
the bottle has a design pattern thereon. 

Another example of such conventional methods 
was disclosed in 1986 in JP-A-61-107144, wherein 
a bottle is carried to an inspection position In the 
neighborhood of a one-dimensional image sensor, 
and while the bottle is being rotated around an axis 
thereof with the axis thereof held In parallel to a 
longitudinal direction of the image sensor, it is 
illuminated such that an image of transmission light 
through the bottle is fomned on the image sensor. 
The image sensor is scanned so as to obtain a set 
of signals, and such scanning is repeated during 
rotation of the bottle so as to successively obtain a 
plurality of sets of signals. Two sets of signals 
obtained at a first rotational position of the bottle 
and a second rotational position of the bottle after 
rotation of the bottle from the first rotational posi- 
tion are compared with each other, and the pres- 
ence or absence of a defect is determined in 
accordance with the result of such comparison. 



With this method, the accuracy in detection is 
somewhat higher than that of the method of JP-B2- 
58-58020 described above. However, while em- 
ployment of a one-dimensional image sensor is 

5 more advantageous in regard to resolution than 
employment of a two-dimensional, image sensor, a 
high degree of accuracy cannot be ensured for 
detection of a check of a bottle using a one- 
dimensional Image sensor since the direction of 

TO reflected light from a check of a bottle is changed 
to a great extent by rotation of the bottle and since 
such check is various in shape, and also since 
disturbance light from other than such check is 
much received by the one-dimensional image sen- 

75 sor due to rotation of the bottle. Accordingly, the 
latter method cannot cope efficiently with checks of 
bottles having various shapes. 

it Is an object of the present invention to pro- 
vide a method of and an apparatus for inspecting a 

20 bottle or the like by which presence or absence of 
a defect, particularly of a check, can be determined 
with a high degree of accuracy. 

According to one aspect of the present inven- 
tion, there is provided a method of inspecting an 

25 object for inspection such as a bottle or the like 
being rotated or moved at a predetermined speed 
to detect defects in the object, which comprises 
the steps of irradiating light upon an inspection 
area of the object being rotated or moved, photog- 

30 raphing reflected light from the inspection area of 
the object by means of a two-dimensional camera 
which includes solid-state image pickup elements, 
fetching picture element data for a first frame at a 
first point of time from the two-dimensional camera 

35 and storing the data into a memory, fetching pic- 
ture element data for a second frame at a second 
point of time after a fixed interval of time after the 
first point of time, calculating differences of the 
picture element data for the second from from the 

40 picture element data for the first frame from the 
memory, binary digitizing the differences with refer- 
ence to a predetermined brightness threshold level, 
counting the number of those of the differences 
which have one of two binary values, and compar- 
es ing the count number with a predetermined number 
to determine presence or absence of a defect in 
the object for inspection. 

In case the object for inspection is, for exam- 
ple, a bottle and has a check as a defect, since the 

60 direction of reflected light from the check is in- 
stantaneously changed to a great extent by rotation 
or movement of the bottle, even if picture element 
data originating from such reflected light are 
fetched at a certain point T1 of time from the two- 

55 dimensional camera as a picture element at a 
certain position, picture element data originating 
from reflected light of the check are not fetched at 
another point T2 of time after the predetermined 
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interval of time. On the other hand, since distur- 
bance light from any location other than the check 
is reflected almost in the same direction also after 
some rotation or movement of the object, picture 
element data are fetched at both of the points T1 
and T2 of time. 

Accordingly, if differences are taken between 
picture element data for one frame fetched from 
the two-dimensional camera at the point Ti of time 
and picture element data for another frame fetched 
at the point T2 of time after the predetermined 
interval of time after the point Ti of time, then 
picture element data of high brightness values 
originating from reflected light from the check re- 
main, but picture element data originating from 
disturbance light from any other portion than the 
check are cancelled. Thus, such differences are 
subsequently binary digitized or divided into two 
groups of white and black with reference to a 
predetermined brightness threshold level, and the 
number of those picture elements having those of 
the differences which have one of two binary val- 
ues is counted. Then, when the count number is 
greater than the predetermined number, it is deter- 
mined that there Is a defect in the object. Con- 
sequently, presence or absence of a check which 
makes a defect can be detected with a high degree 
of accuracy. 

If the speed of rotation or movement of the 
object changes, then also the direction of reflected 
light from such check is changed and the amount 
of incidence light to the two-dimensional camera is 
changed. Accordingly, preferably the fixed interval 
of time between frames at which picture element 
data are to be fetched and the brightness threshold 
level for binary digitization are adjusted in response 
to the speed of the object for inspection in order to 
Improve the accuracy in detection. Consequently, 
when data for each one frame from the two-dimen- 
sional camera are to be fetched at a high speed, 
the number of frames to be thinned out is adjusted 
in response to the speed of rotation or movement 
of the object. 

Preferably, the number of those of the differ- 
ences which have one of two binary values Is 
counted for each of a plurality of window areas 
Included in a photographing area of the two-dimen- 
sional camera in order to except such picture ele- 
ments originating from a design pattern formed on 
the object for inspection. The two-dimensional 
camera can thus detect presence or absence of a 
defect of the object for inspection with a high 
degree of accuracy for the plurality of locations of 
the object without detecting a design pattern or the 
like as a defect in error. 

According to another aspect of the present 
Invention, there is provided an apparatus for in- 
specting an object for inspection such as a bottle 



or the like being rotated or moved at a predeter- 
mined speed by a handling machine to detect a 
defect of the object, which comprises a light pro- 
jector for irradiating light upon an inspection area of 
5 an object for inspection being rotated or moved, a 
two-dimensional CCD (charge-coupled device) 
camera for photographing reflected light from the 
object only for a fixed area, a camera controller for 
successively fetching picture element data pro- 

10 duced from the two-dimensional CCD camera for 
each one frame after each predetermined interval 
of time and storing the thus fetched picture ele- 
ment data therein, a difference calculating section 
for calculating differences between the picture ele- 

15 ment data thus fetched for different frames, a bi- 
nary digitizing section for binary digitizing the thus 
calculated differences with reference to a predeter- 
mined brightness threshold level, a counter for 
counting the number of those of the differences 

20 which have one of two binary values, and a main 
controller for adjusting the predetermined interval 
of time for the camera controller and the predeter- 
mined bright threshold level for the binary digitizing 
section in response to a speed signal from the 

25 handling machine representative of a speed of the 
object and for counting the number of those of the 
differences which have one of two binary values 
and comparing the count number with a predeter- 
mined number to determine presence or absence 

30 of a defect in the object for inspection. 

With the apparatus, presence or absence of a 
defect in an object for inspection can be detected 
with a high degree of accuracy with a minimized 
influence of disturbance light. 

35 The apparatus may further comprise means for 
causing the counter to count a number of those of 
the differences which have one of two binary val- 
ues only for one or ones of a plurality of window 
areas included in a photographing area of the two- 

40 dimensional CCD camera which is or are des- 
ignated by the main controller. 

Preferably, the apparatus further comprises a 
monitoring display apparatus for reproducing and 
displaying thereon data for a frame fetched by the 

45 camera controller so that setting for inspection can 
be performed appropriately and readily while a 
condition of a defect is being observed. 

The above objects, features and advantages of 
the present invention will become apparent from 

50 the following description taken in conjunction with 
the accompanying drawings, wherein; 

FIG. 1 is a block diagram of a defect detecting 
apparatus to which the present invention is ap- 
plied; 

55 FIG. 2 is a diagrammatic representation illustrat- 
ing a defect detecting method according to the 
present invention; 
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FIG. 3 Is a plan view showing a relationship 
between a bottle and an inspection window in a 
detecting operation in the method illustrated in 
FIG. 2; 

FIG. 4 is a diagrannnnatic view illustrating a pic- 
ture image for one frame of a two-dimensional 
CCD camera and analog waveforms in bright- 
ness level obtained along a certain line of the 
picture image; and 

FIGS. 5(A), 5(B) and 5(C) are flow charts illus- 
trating operation of the defect detecting appara- 
tus of FIG. 1. 

Referring first to FIG. 2, there Is illustrated a 
defect detecting method to which the present in- 
vention is applied. A transparent or translucent 
bottle 1 which is an object for inspection is trans- 
ported along a guide rail 2 to an inspection window 
4 (FIG. 3) formed in a table 3. At the position of the 
inspection window 4, light is irradiated from a light 
projector 6 upon the bottle 1 while the bottle 1 is 
being rotated at a fixed speed by a drive disk 5. 
The light projector 6 is connected to a halogen 
light source 8 by way of an optical fiber 7 and 
projects light from the halogen light source 8 in a 
little obliquely downward direction toward a bottom 
portion of the bottle 1 . Below the inspection window 
4, a two-dimensional CCD camera 9 is installed 
such that an optical axis thereof makes a predeter- 
mined angle with respect to an optical axis of the 
light projector 6. The two-dimensional CCD camera 
9 photographs, through the Inspection window 4 of 
the table 3. a portion of the bottom of the bottle 1 
illuminated with light from the light projector 6. 

Refening now to FIG. 4, there is shown, in a 
rectangular screen, a picture image for one frame 
photographed by the two-dimensional CCD camera 
9 at a point Ti of time. In the arrangement shown 
in FIG. 2, the two-dimensional CCD camera 9 pho- 
tographs only part of the bottom of the bottle 1, 
and a white picture image 10 originates from re- 
flected light from a check formed in a circumferen- 
tial edge portion of the bottom of the bottle 1 and 
is high in brightness. Another small white picture 
Image 11 originates from disturbance light from 
some portion other than the check (for example, 
reflected light from a portion of the table 3). A 
plurality of regularly spaced black picture images 

12 originate from projected portions which may be 
provided on the bottom of the bottle 1 in order to 
indicate a model number and so forth of the bottle 
1 in a code system. Another black picture image 

13 originates from a design pattern provided on the 
bottom face of the bottle 1 . Since the direction of 
reflected light from the check Is Instantaneously 
changed to a great extent if the bottle 1 is rotated 
only a little as described hereinabove, the picture 
Image 10 originating from the check moves, at 
another point T2 of time after a short predeter- 



mined interval of time after the point Ti of time 
mentioned hereinabove, to a great extent as in- 
dicated by a broken line in the photographing 
screen of the two-dimensional CCD camera 9 while 
5 the picture image 11 originating from disturbance 
light from any other portion than the check little 
moves. 

Referring back to FIG. 2, a picture image pro- 
cessing unit 14 is connected to the two-dimen- 

70 slonal CCD camera 9. Picture element data pro- 
duced from the camera 9 are accepted by the 
picture element processing unit 14 for each one 
frame and stored Into a memory(not shown)of the 
picture element processing unit 14. The picture 

75 element data thus stored in the memory are there- 
after processed as hereinafter described. A moni- 
toring television set 15 in the forni of a cathode ray 
tube is connected to the picture image processing 
unit 14 so that a picture image accepted into the 

20 picture image processing unit 14 can be displayed 
at any time on the television set 15. 

The picture image processing unit 14 has a 
general construction as shown in FIG. 1. Referring 
to FIG. 1 , a large number of picture element data 

25 for one frame obtained from the two-dimensional 
CCD camera 9 are Inputted to a camera controller 
16 for each one frame. Thus, picture element data 
are successively inputted to the camera controller 
16, for example, for a total of 115 frames for one 

30 full rotation of the bottle 1 at a time interval of a 
fixed short time t and stored into a memory not 
shown therein. Picture element data for one frame 
designated by a main controller 19 are outputted 
from the camera controller 16 and stored once into 

35 a buffer memory 17, and differences of different 
picture element data for a next designated one 
frame which are inputted after an interval of time of 
t X k after the certain point of time are calculated at 
a difference calculating section 18. It Is to be noted 

40 that k is a thinning out value and is set in such a 
manner as hereinafter described by the main con- 
troller 19 which has a CPU (central processing unit) 
not shown therein. Here, the reason why differ- 
ences between picture image data for two frames 

46 obtained at different times different by t x k are 
calculated is that it is intended to extract oniy such 
picture image 10 as shown in FIG. 4 which origi- 
nates from a check of a bottle. 

In particular, referring to FIG. 4, a picture ele- 

50 ment output of the two-dimensional CCD camera 9 
is taken in the form of an analog waveform along a 
straight line A-A of the rectangular photographing 
screen at different rotational positions of the bottle 
1 and Is shown in waveform diagram in a cor- 

55 responding relationship with the picture image be- 
low the photographing screen. Thus, at the point Ti 
of time at which the picture image 10 originating 
from the check is at a full line position, the 



4 



7 



EP 0 483 966 A2 



8 



waveform presents a high level or peak only at a 
portion thereof which corresponds to the picture 
image 11 originating from disturbance light. On the 
other hand, at the point T2 of time after the interval 
of time t X k after then, the picture image 11 
originating from disturbance light moves little, but 
the picture image 1 0 originating from the checic has 
been moved to and is now at a broken line posi- 
tion, and consequently, the analog waveform then 
exhibits high levels or peaks at a portion thereof 
which corresponds to the picture image 1 1 originat- 
ing from disturbance light and another portion 
which corresponds to the picture image 10 originat- 
ing from the check. Thus, if a difference between 
the brightness values at the point Ti of time and 
the point T2 of time Is taken, then the peak at the 
portion corresponding to the picture image 10 origi- 
nating from the check remains, but the other peak 
at the portion corresponding to the picture image 
11 originating from disturbance light is cancelled. 

The reason why differences are taken between 
picture image data for two frames obtained at dif- 
ferent times different by the interval of time t x k is 
that, when the bottle 1 is rotated at a very high 
speed, such calculation of differences between 
each successive ones of the total of 1 15 frames for 
one full rotation of the bottle 1 may not be per- 
formed, and in order to eliminate such a possible 
circumstance, different frames different more than 
one frame distance are selected for such calcula- 
tion of differences. The value of the thinning out 
value k is thus determined in response to a speed 
of rotation of the bottle 1 such that, while the speed 
of rotation of the bottle 1 rises, the intewal of time t 
X k may not be varied significantly. 

Referring back to FIG. 1, the differences in 
picture element data calculated at the difference 
calculating section 18 are then binary digitized for 
each picture element by a binary digitizing section 
20 with reference to a certain level of brightness or 
threshold level. In other words, a certain brightness 
level Is determined as a reference or threshold 
level, and picture element data are divided into two 
groups of white and black such that, if the picture 
element data are equal to or higher than the certain 
brightness threshold level, then they are deter- 
mined as white (1 in binary digital value), but if 
they are lower than the predetermined brightness 
threshold level, then they are determined as black 
(0 in binary digital value). Such binary digitization is 
performed successively for all of picture elements 
for one frame. Further, the level H serving as the 
reference level for binary digitization is automati- 
cally adjusted in response to a speed of rotation of 
the bottle 1 by the main controller 19. The reason 
is that, when the speed of rotation of the bottle 1 is 
high, the amount of incidence light to the two- 
dimensional CCD camera for photographing one 



frame and hence output levels of individual solid- 
state image pickup elements are low correspond- 
ingly. 

Since the picture image 10 originating from the 

5 check can be regarded as an aggregate of picture 
elements having higher brightness values than the 
reference brightness level for binary digitization 
and likely appears at any of particular locations of 
the rectangular photographing screen of FIG. 4 due 

70 to the fact that such check likely appears at any of 
particular locations of the bottom or body of a 
bottle, the rectangular photographing screen of 
FIG. 4 is divided into first to n-th window areas Wi , 
W2, ... and Wn where the picture image 10 of a 

75 check is apt to appear, and a number of those of 
picture elements which are determined as white by 
binary digitization (defect picture elements) is 
counted individually for each of the window areas 
Wi, W2, ... and Wp. Thus, it can be presumed that, 

20 if the number of such defect picture elements in a 
window area is greater than a predetermined value, 
then a check is present in the window area. 

Thus, data representative positions of individual 
picture elements in a window area are stored into a 

25 window memory 21 in accordance with an instruc- 
tion from the main controller 19, and only those of 
binary data of white from the binary digitizing sec- 
tion 20 which belong to the window area pass 
through a gate circuit 22 and are thus counted by a 

30 counter 23. Consequently, such count value of the 
counter 23 represents a number of defect picture 
elements in the window area, and in case the count 
value Is higher than a fixed levei, the main control- 
ler 19 determines that there is a check in the bottle 

35 1 and outputs, by way of an interface 24, an 
excluding signal to the handling machine 30 to 
exclude such defective bottle 1 from the transport- 
ing line. The main controller 19 further controls an 
inspection result display unit 25 to display a num- 

40 ber of such defective bottles, a defective location 
and so forth thereon. 

Picture element data for each one frame 
fetched into the camera controller 16 are stored in 
digital amount into a display memory 26 in a pre- 

46 determined period set by the main controller 19 
and are then converted into a video signal by a 
digital/video signal converting section 27 so that 
they are reproduced by and displayed on the moni- 
toring television set 15. Initial set values and so 

50 forth necessary for inspection are inputted in prior 
to the main controller 19 by way of an interface 29 
from a keyboard 28 while a reproduced image on 
the television set 15 Is being observed by an 
operator. 

S5 An inspection timing signal, a bottle presence 
signal representing that a bottle is present at a 
predetermined inspection position, a speed signal 
representing a speed of rotation of such bottle and 
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so forth are inputted from a handling nr^achine 30 to 
the main controller 19. The thinning out value k and 
ttie reference level H for binary digitization de- 
scribed above are adjusted in accordance with the 
thus inputted speed signal. As already known, the 
handling machine 30 performs various operations 
Including transporting a bottle 1 and rotating the 
bottle 1 at the inspection position by means of the 
drive disk 5 as described above. Alternatively, a 
speed of rotation of the bottle 1 may be measured 
by counting a number of inspection timing signals 
received by the main controller 19 for a unit period 
of time. 

Operation of the main controller 19 is illustrated 
In FIGS, 5(A) to 5(C). Referring first to FIG. 5(A) In 
which a main routine Is shown, various initializing 
operations are executed first at step 50, and then 
at step 51, such thinning out value k and reference 
level H for binary digitization as described above 
are set in accordance with a speed signal from the 
handling machine 30 or a speed measured from 
inspection timing signals. Then at step 52. a first 
subroutine shown In FIG. 5(B) is executed, and 
then at step 53, conditions of input keys of the 
keyboard 28 are checked, whereafter the control 
sequence returns to step 51. 

When the tirst subroutine shown in FIG. 5(B) is 
entered, It is judged first at step 55 whether or not 
there is an Inspection timing signal, and if there is 
no Inspection timing signal, then conditions of the 
Input keys of the keyboard 28 are checked at step 
56, whereafter the control sequence returns to step 
55 to repeat a similar sequence of operations. On 
the contrary if there Is an Inspection timing signal 
at step 55, then the control sequence advances to 
step 57, at which counting of a counter for measur- 
ing an inspection time is started, and then to step 
58, at which it is judged whether or not there Is a 
bottle presence signal, in short, whether or not a 
bottle 1 is present at the inspection position. Then, 
if a bottle 1 is present, then all rejection flags are 
reset at step 64, and then a skip flag is set at step 
65. The skip flag Is provided so that picture ele- 
ment data for a first one frame received at first 
from the camera controller 16 shown in FIG. 1 may 
be stored into the buffer memory 17. Thus, the 
skip flag is set In the tirst control cycle. Subse- 
quently, a second subroutine shown In FIG. 5(C) Is 
executed. 

Referring now to FIG. 5(C), after the second 
subroutine shown is entered, it is judged first at 
step 72 whether or not the skip flag is In a set 
state. Since the skip flag is in a set state in the first 
control cycle, the control sequence advances to 
step 77, at which the counter 23 of FIG. 1 is reset, 
and then to step 78, at which the skip flag is reset, 
whereafter the control sequence returns to the first 
subroutine of FIG. 5(8). 



Since the skip flag is in a reset state at step 72 
in the second or succeeding control cycle, the 
control sequence now advances to step 73, at 
which a number of defect picture elements in the 
5 first window area Wi is counted by the counter 23 
as described hereinabove, and then to step 74, at 
which the count value Is compared with a fixed 
excluding level set for the tirst window area Wi. 
Then, a judgment for allowance or rejection for the 

10 window area Wi is made at step 75 in accordance 
with a result of such comparison. In case the 
judgment Is rejection, a rejection flag Is set for the 
window area Wi at step 76, but in the case of 
allowance, the control sequence advances to a step 

75 for the second window area W2 skipping the step 
76. Then, similar operations to those at steps 73 to 
76 are repeated to the last n-th window area Wn, 
and after completion of such judgment, the control 
sequence returns to the first subroutine of FIG. 5(B) 

20 by way of the steps 77 and 78 described above. 

After the control sequence returns to the tirst 
subroutine of FIG. 5(B), presence or absence of an 
inspection timing signal is determined at step 67, 
and if there is an inspection timing signal, then 

25 conditions of the Input keys are checked at step 
68, whereafter the control sequence returns to step 
67. If there is no inspection timing signal at step 
67, then the main controller 19 checks all of the 
rejection flags for the windows Wi to W„ and 

30 determines, when all of the rejection flags are not 
in a set state, that the bottle 1 Is allowable, but 
determines, when at least one of the rejection flags 
Is In a set state, that a check is present at a 
corresponding window and accordingly the bottle 1 

36 is to be rejected. Then, a result of the determina- 
tion is outputted to the handling machine 30 at step 
70. In particular, when the determination at step 69 
Is rejection, the main controller 19 outputs, by way 
of the Interface 24, an excluding signal to the 

40 handling machine 30 to exclude such defective 
bottle 1 from the transporting line. Then, the in- 
spection time measuring counter Is stopped at step 
61, and then the thinning out number k and the 
reference level H for binary digitization are newly 

45 set at step 62, whereafter the control sequence 
returns to the main routine of FIG. 5(A). 

In case tiiere is no bottle presence signal at 
step 58, presence or absence of an inspection 
timing signal is determined at step 59, and if there 

50 is an inspection timing signal, then conditions of 
the Input keys of the keyboard 28 are checked at 
step 60, whereafter the control sequence returns to 
step 58, but on the contrary If there Is no inspec- 
tion timing signal, then the Inspection time measur- 

55 ing counter is stopped at step 61 as described 
hereinabove, whereafter the control sequence re- 
turns to the main routine of FIG. 5(A) by way of the 
step 62. 
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It Is to be noted that, while presence or ab- 
sence of a check at a bottom portion of a bottle 1 
is detected while the bottle 1 is being rotated in the 
emtx)diment described above, othen^ise presence 
or absence of a check at any portion other than 
such bottom portion can be inspected. Further, It Is 
also possible to inspect a bottle 1 while the bottle 1 
is being moved, for example, along a horizontal 
path. Further, presence or absence not only of a 
check but also of a white foreign article can be 
inspected. Furthermore, the object for inspection is 
not limited to a bottle, and the present invention 
can be applied also to inspection of a glass, a 
transparent or translucent plastic vessel and other 
articles. 

Claims 

1. A method of inspecting an object such as a 
bottle or the like being rotated or moved at a 
predetermined speed to detect defects in the 
object, comprising the steps of irradiating light 
upon an inspection area of the object being 
rotated or moved, photographing reflected light 
from the Inspection area of the object by 
means of a two-dimensional camera which in- 
cludes solid-state image pickup elements, 
fetching picture element data for a first frame 
at a first point of time from said two-dimen- 
sional camera and storing the data Into a 
memory, fetching picture element data for a 
second frame at a second point of time after a 
fixed interval of time after the first point of 
time, calculating differences of the picture ele- 
ment data for the second frame from the pic- 
ture element data for the first frame from said 
memory, binary digitizing the differences with 
reference to a predetermined brightness 
threshold level, counting the number of those 
of the differences which have one of two bi- 
nary values, and comparing the count number 
with a predetermined number to determine the 
presence or absence of a defect in the object 
for Inspection. 

2. A method as claimed in Claim 1, wherein the 
fixed interval of time between frames at which 
picture element data are to be fetched is ad- 
justed in response to the speed of the object 
for inspection. 

3. A method as claimed in Claim 1 or 2, wherein 
the brightness threshold level for binary 
digitization Is adjusted In response to the 
speed of the object for inspection. 



4. A method as claimed in Claim 1, 2 or 3, 
wherein the number of those of the differences 
which have one of two binary values is count- 
ed for each of a plurality of window areas 

6 included in a photographing area of said two- 

dimensional camera. 

5. An apparatus for inspecting an object for in- 
spection such as a bottle or the like being 

70 rotated or moved at a predetermined speed by 

a handling machine to detect a defect of the 
object, comprising a light projector for Irradiat- 
ing light upon an inspection area of an object 
for inspection being rotated or moved, a two- 

15 dimensional CCD camera for photographing re- 
flected light from the object only for a fixed 
area, a camera controller for successively 
fetching picture element data produced from 
said two-dimensional CCD camera for each 

20 one frame after each predetermined interval of 
time and storing the thus fetched picture ele- 
ment data therein, a difference calculating sec- 
tion for calculating differences between the 
picture element data thus fetched for different 

25 frames, a binary digitizing section for binary 
digitizing the thus calculated differences with 
reference to a predetermined brightness 
threshold level, a counter for counting the 
number of those of the differences which have 

30 one of two binary values, and a main controller 
for adjusting the predetermined interval of time 
for said camera controller and the predeter- 
mined bright threshold level for said binary 
digitizing section in response to a speed signal 

35 from said handling machine representative of 
the speed of the object and for counting the 
number of those of the differences which have 
one of two binary values and comparing the 
count number with a predetermined number to 

40 determine the presence or absence of a defect 
in the object for inspection. 

6. An apparatus as claimed in Claim 5, further 
comprising means for causing said counter to 

45 count a number of those of the differences 

which have one of two binary values only for 
one or ones of a plurality of window areas 
included in a photographing area of said two- 
dimensional CCD camera which is or are des- 

50 ignated by said main controller. 

7. An apparatus as claimed in Claim 5 or 6, 
further comprising a monitoring display ap- 
paratus for reproducing and displaying thereon 

55 data for a frame fetched by said camera con- 
troller. 
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FIG. 5(A) 
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FIG.5(B) 
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FIG.5(C) 




YES 



74 



COUNT NUMBER OF PICTURE 
ELEMENTS IN FIRST 
WINDOW AREA Wj 






COMPARE COUN 
EXCLUDING LE 
WINDOW AREA 


T VALUE WITH 
VELFOR FIRST 
Wt 




^^-S^ WINDOW AREA W,> 




ALLOWABLE 

17vo 



75 
76 



SET REJECTION 
FLAG FOR WINDOW 
AREA Wi 



NO 



REPEAT SIMILAR 
STEPS TO n-TII WINDOW 



C 



77 



RESET CO 


UNTER 23 






RESET SKIP FLAG 



c 



RETURN 



13 



